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Abstract: The diel changes in the vertical distribution of zooplankton in the southeast Black Sea were described in this study. The
zooplankton were sampled using two different sampling methods throughout one day in October 1996 and July 1997 at the same
station. The zooplankton counts, the length measurements and biomass estimates showed that the zooplankton in the southeast
Black Sea is dominated by small organisms, among which Noctiluca scintillans is the dominant species. In the vertical distribution of
zooplankton, three groups were observed in different layers. Calanus euxinus and Pseudocalanus elongatus showed a clear vertical
migration pattern. Conventional measurements (settling volume, displacement volume and wet weight measurements) were also carried out and the results were compared with the zooplankton counts and biomass values. Among those, abundance of zooplankton
correlated well with the wet weight measurements (r = 0.473; p<0.05) of the October 1996 samples. The length converted biomass of zooplankton also significantly correlated with the wet weight measurements (r = 0.717; p<0.05).
Key Words: Zooplankton, vertical distribution, abundance, biomass, southeast Black Sea

GŸneydoÛu Karadeniz Zooplanktonun GŸnlŸk Dikey DaÛÝlÝmÝ
…zet: Bu •alÝßmada GŸneydoÛu KaradenizÕdeki zooplanktonun gŸnlŸk dikey daÛÝlÝmÝ verilmißtir. Zooplankton iki farklÝ metodla aynÝ
istasyonda tŸm bir gŸn boyunca Ekim 1996 ve Temmuz 1997 tarihlerinde šrneklenmißtir. …rneklerdeki zooplankton sayÝmlarÝ,
uzunluk šl•Ÿmleri ve biyokitle tahminleri, gŸneydoÛu KaradenizÕdeki zooplanktonda kŸ•Ÿk boyutlu olanlarÝn, bunlar arasÝnda ise
Noctiluca scintillansÕÝn baskÝn olduÛunu gšstermektedir. Zooplanktonun dikey daÛÝlÝmÝnda, farklÝ tabakalarda Ÿ• ayrÝ grup gšzlenmißtir. Calanus euxinus ve Pseudocalanus elongatus belirgin dikey gš• sergilemektedir. Klasik šl•Ÿmler (•škelti hacmi, taßÝrma hacmi
ve yaß aÛÝrlÝk šl•Ÿmleri) de ger•ekleßtirilmißtir. Sonu•lar zooplankton sayÝmlarÝ ve biyokitle deÛerleriyle karßÝlaßtÝrÝlmÝßtÝr. Bunlar
arasÝndan, zooplankton bolluÛu Ekim 1996 šrneklerinin yaß aÛÝrlÝk šl•Ÿmleriyle uyumlu bulunmußtur (r = 0.473; p<0.05). Bunun
yanÝsÝra biyokitle deÛerlerinin de yaß aÛÝrlÝk šl•Ÿmleriyle belirgin bir uyumluluk gšsterdiÛi saptanmÝßtÝr (r = 0.717; p<0.05).
Anahtar SšzcŸkler: Zooplankton, dikey daÛÝlÝm, bolluk, biyokitle, gŸneydoÛu Karadeniz

Introduction
The Black Sea is the largest land-locked basin in the
world with a maximum depth of ~ 2200m and 87% of
its water is anoxic (1). A pycnocline (coinciding with the
halocline) separates the anoxic deep waters and oxic
upper waters of the Black Sea. Life is therefore restricted
to the upper 70-200 meters depending on the hydrology
of the region. Recent studies show that in the Black Sea,
some hydrochemical properties could be better explained
by water density rather than depth (2). For example, the
depth of the beginning of anoxic layer differs at different
locations, but it is always situated at the density of sigma
t = 16.2.

The Black Sea was classified amongst the oligotrophic
seas in the early years of the century (3) and some basins,
such as the Northwestern shelf area, were mesotrophic in
the 40s (4). As a result of increased nutrient input by the
major rivers, it became a eutrophic sea (5). Moreover,
due to increased eutrophication the shallow
Northwestern shelf area of the Black Sea has shown
dystrophic properties occasionally (6).
Increase in nutrients has elevated the rate of primary
and secondary production. The nutrient composition has
also changed. The rate of silicate, which is only originated
from natural resources, is suppressed by the
anthropogenic
nitrogen-based
nutrients
and
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phosphorous. Consequently, phytoplankton species
composition was altered and the large diatoms whose
biomass is largely dependent on the silicate availability in
the sea were replaced by the dinoflagellates. The
domination of dinoflagellates in the Black Sea ecosystem
led to a change in the species composition of the
zooplankton. Many large species of crustacean
zooplankton feeding mainly on diatoms were replaced by
small opportunistic species (6).
In the water column, different species of zooplankton
occupy certain depths due to temperature, light intensity,
feeding, age, reproductive stage and some other
biological, chemical and physical factors (7). Several
groups can be distinguished in the Black Sea zooplankton
by the character of their vertical distribution. According
to Zenkevitch (8) the first group inhabits the upper
layers, and its vertical distribution is only slightly affected
by variations in temperature and light through the
seasons. Acartia clausi, Oikopleura sp. and Noctiluca
scintillans are examples in this group. The species
belonging to the second group are found at all depths in
winter, and in summer they are found in the greater
depths of the water column. These species are also called
cold water species. Calanus euxinus, Pseudocalanus
elongatus, Oithona similis and Sagitta setosa are
representatives of this group. The third group develops
only in summer and are found in the upper, warm layers
of water, which includes mainly Cladocera species.
Daily migrations have been observed for a number of
species, depending primarily on variations in light
intensity. During the night many species migrate to
surface layers and during the day they are concentrated
in deep layers (9). Amongst the species/groups of
zooplankton, Zenkevitch (8) pointed out that Calanus
euxinus and Sagitta setosa show the most pronounced
daily migrations driven largely by the change in light
intensity.
The natural light:dark cycle which the diel vertical
migrations are tuned to, suggests that changes in ambient
light intensity may be of primary importance as stimuli in
the initiating and timing of migrations (7). Light intensity
changes also act as orienting cues for vertically migrating
animals. Natural daily changes in light intensity can alter
the depth ranges inhabited by particular species.
Many hypotheses have been advanced concerning
vertical migration (7). One hypothesis is that animals
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which remain in darkness are less visible to predators,
and this situation can be achieved by migrating to deeper,
darker layers. The upward migration is to the surface
zone where food is most abundant. The second idea is
that zooplankton conserve energy by spending nonfeeding time in deeper, colder water where metabolic
energy demands are lower. The third hypothesis is that
the zooplankton moving vertically are subjected to
currents moving in different directions at different
speeds, thus, each time they ascend, they encounter a
new feeding area.
In recent years, the vertical distribution of
mesoplankton and the pelagic community structure in the
Black Sea were studied by Vinogradov et al. (10-17), and
diel vertical distribution of mesozooplankton within the
Turkish Exclusive Economic Zone was studied by
Besiktepe (13) and Besiktepe et al. (14).
In the present study, the diel vertical distribution of
the zooplankton in the southeast Black Sea is described by
means of time series sampling. Two different sampling
methods were applied and compared. Also the additional
methods, such as measuring the settling and displacement
volume and wet weight, were tested to show the vertical
distribution of zooplankton.

Materials and Methods
Plankton sampling
Vertical plankton samples were collected during
October 1996 and July 1997 surveys at a fixed station,
41¡30` N, 39¡45` E, located within the Batumi
anticyclonic gyre (Fig. 1), where the thickness of the oxic
layer is largest (1) and reached 183 meters (Fig. 2).
In October 1996, plankton samples were taken at two
hour intervals throughout one day by Nansen Closing Net
with a 112 µm mesh size and 70 cm mouth opening. In
order to see the variation in zooplankton abundance in
the water column, 70 samples were taken between
02:15 and 23:50, in order to cover the daily cycle of the
vertical migration. The depth ranges covered by the
Nansen Net were 190-150 m, 150-125 m, 125-80 m,
80-25 m and 25-0 m, and they were chosen in terms of
density levels according to major biochemical
characteristics of the water column which affect the
distribution of mesozooplankton in the Black Sea (Fig. 2).
The depth ranges covered were: i) from the seasonal
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e.g., at dawn, at noon and at sunset. An echosounder was
used to select the sampling depths that were chosen
according to the acoustic back-scattering in the water
column at the time of sampling. High and low biomass
reflectances on the acoustic profile were selected and
sampled.

46.00

44.00

Black Sea

Station

All the samples were preserved in formaldehyde
solution of 4%, and the examination of them was done
under a stereoscopic binocular microscope. The net
samples taken by Nansen Closing Net were subsampled
using a Folsom Plankton Splitter and a Stempel Pipette.
Large species were identified and counted for the whole
sample before subsampling. The Niskin Bottle samples
were not subsampled, since the number of individuals in
the samples were few enough to be counted totally. The
length measurements of the zooplankton in the samples
were done with an ocular micrometer. The length of the
crustaceans was measured from the rostral tip to the
posterior border of the furca. For the other organisms,
like Noctiluca scintillans or Chaetognaths, the longest axis
of the body was measured. The length measurements
were summarized in length frequency histograms. Every
peak in the length frequency distribution was assumed to
indicate a distinct size class. The nearest troughs just
before and after the peak were taken as the limits of the
size class.

42.00
Turkey
28.00

Figure 1.

32.00

36.00

40.00

Position of the zooplankton sampling station: (+) = Net
sampling in October 1996; = Niskin Bottle sampling in
July 1997.

thermocline to the surface (mixed layer), ii) from the
lowest boundary of the euphotic zone (sigma t = 14.6) to
the mixed layer, iii) from sigma t = 15.4, where the
majority of nitrification and remineralization of organic
matter take place, to the lowest boundary of the euphotic
zone (15), iv) from sigma t = 15.8 to sigma t = 15.4
where the denitrification processes begin at the depth of
15.4 (16), v) from sigma t = 16.2 to sigma t = 15.8,
where 16.2 corresponds to the bottom of oxygen
minimum zone (OMZ) and the daytime aggregation layer
for Calanus euxinus individuals (11).

Total biomass of the samples were calculated
according to the following formula:

In July 1997, plankton were sampled throughout one
day, between 00:00 and 22:00, using a Niskin Bottle
with a capacity of 30 l. at the same station (41¡30` N,
39¡ 45` E) as in the October 1996 survey. The samples
were collected at the times that were thought as
important in the vertical movement of the zooplankton,
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Figure 2.

The salinity and temperature
profiles are plotted against
depth and water density in (a)
October 1996, (b) July 1997.
Measurements were repeated
several times during the stay at
the station 41¡30` N, 39¡45`
E. The solid horizontal lines
show the sampling layers.
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(b)
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Wij = mean weight of size class j of species i (mg)
Nij = number of individuals in each size class
In the formula, W, mean weights of stage-based size
classes, were taken from Niermann et al. (17).
After enumeration, the net samples (October 1996)
were examined gravimetrically; the settling volume,
displacement volume and wet weight of the samples were
measured according to Wickstead (18). The
concentration of the zooplankton in the samples collected
by Niskin Bottles in July 1997 were not sufficient to be
detected volumetrically or gravimetrically.

Results
The composition of the zooplankton in the samples is
given in Table 1. In October 1996, the dominant
zooplankton species was Noctiluca scintillans (41.7%;
199 ind/m3). Second was Oithona spp. which comprised
17.5% (83 ind/m3) and the third most common species
was Pseudocalanus elongatus (10.9%; 52 ind/m3).
The zooplankton in the samples had a wide range of
length spectrum. The length distribution of the zooplankton
from the net samples is given in Fig. 3, in which the
Table 1.

Noctiluca scintillans
Oithona spp.
Pseudocalanus elongatus
Acartia spp.
Cladocera
Calanus euxinus
Polycheta larvae
Appendicularia
Lamellibranchiata
Chaetognatha
Ostracoda
Mnemiopsis leidyi
Tintinnide
Pleurobrachia pileus
Gastrapod larvae
Harpacticoid copepods
Paracalanus parvus
Aurelia aurita
Undefined Copepod and
Nauplii
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As can be seen on the left side of Fig. 3, the small
organisms were the most abundant group in the samples.
To understand which zooplankton group dominated in
which size group, length classification was made and
eight different length classes were selected. The selected
ranges and the percentage of zooplankton groups
included in each length class are given in Table 2. Among
these, in the first size class (0.1-0.3 mm) Oithona similis
dominated. Noctiluca scintillans
and Pseudocalanus
elongatus constituted 84% and 81% of the zooplankton
in the 0.4-0.8 and 0.9-1.2 mm size classes, respectively.
Acartia spp. was the main group in the 1.3-1.7 mm
length class with 73 %. The following three size classes
were dominated by different stages of the species
Calanus euxinus; copepodites were mainly found in the
1.8-2.3 mm, where the copepodite V and adult stages
were found in 2.4-3.0 and 3.1-3.6 mm size classes. The
macrozooplankton constituted the last class larger than 4
mm.

abundance (#/m3)

%

The length distribution of all individuals encountered
in the July 1997 Niskin samples is given in Fig. 4. Note
that, like in Fig. 3, the chart has a common abscissa and
two different ordinates, and the smaller zooplankton
were much higher in number than the larger ones.

198.56
83.38
51.84
20.72
18.60
15.43
9.63
7.34
2.45
2.15
1.89
1.68
0.54
0.49
0.39
0.10
0.07
0.04
48.96
11.74

41.7
17.5
10.9
4.4
3.9
3.2
2.0
1.5
0.5
0.5
0.4
0.4
0.1
0.1
0.1
0.0
0.0
0.0
10.3
2.5

For the same purpose as in October 1996, the length
classification was made and the data were subdivided into
eight length classes. The selected ranges and the
percentage of taxonomic groups in each length class are
given in Table 3. In the July 1997 survey, nauplii were
the dominant zooplankton group in the 0.1-0.3 mm size
class (35%). The main zooplankton species in the 0.4-0.8
mm size class was Noctiluca scintillans (77%).
Pseudocalanus elongatus and Acartia spp. dominated in
the third size class (0.9-1.2 mm) with nearly the same
percentages: 39% and 38%, respectively. Appendicularian was the main group in the size classes 1.3-1.7 and
1.8-2.3 mm, where the copepodite stages of Calanus
euxinus form the second taxonomic group in the latter
size class. The following two size classes (2.4-3.0, 3.13.6 mm) were composed of Calanus euxinus individuals
and the last size class consisted of macrozooplankton
species/groups of the samples.

Abundance and percentage of the
species/groups in October 1996 samples.

SPECIES/GROUPS OF
ZOOPLANKTON

length classes are presented on a common abscissa,
whereas the frequencies are presented by two different
ordinates.

zooplankton

Frequency
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Figure 3.

Length frequency distribution of
total zooplankton in the samples in
July 1996 (the abscissa of the
figure is common to both sides of
the figure, the ordinate differs in
order to emphasize the larger size
groups having low abundance).
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Figure 4.

Length frequency distribution of
total zooplankton in the samples in
July 1997 (the abscissa of the
figure is common to both sides of
the figure, the ordinate differs in
order to emphasize the larger size
groups having low abundance).
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Percentage of the abundance of dominant taxonomic groups in the selected length classes of October 1996 cruise.
Size

classes

(mm)

0.1 - 0.3
Oithona similis
(42.5%)

0.4 - 0.8
Noctiluca
scintillans (84 %)

0.9 - 1.2
Pseudocalanus
elongatus (81 %)

1.3 - 1.7
Acartia spp.
(73 %)

1.8 - 2.3
Calanus euxinus
(40 %)

2.4 - 3.0
Calanus euxinus
(93 %)

3.1 - 3.6
Calanus euxinus
(96 %)

4<
Mnemiopsis
leidyi (47 %)

Undefined Egg
(27 %)

Pseudocalanus
elongatus (7 %)

Acartia spp.
(7 %)

Appendicularian
(19 %)

Polycheta larvae
(35 %)

Polycheta larvae
(3 %)

Sagitta setosa
(4 %)

Sagitta setosa
(39 %)

Cladoceran
(10 %)

Acartia spp.
(3 %)

Appendicularian
(6 %)

Calanus euxinus
(5 %)

Sagitta setosa
(14 %)

Sagitta setosa
(2 %)

Calanus euxinus
(3 %)

Polycheta larvae
(3 %)

Appendicularian
(11 %)

Appendicularian
(2 %)

Pseudocalanus
elongatus (9 %)

Pleurobrachia
pileus (14 %)

Nauplii
(6.5 %)

Vertical distribution
October 1996
The vertical movements of the zooplankton are shown
in Fig. 5. According to the zooplankton counts, some
species, like Calanus euxinus, underwent distinctive and

deep vertical movements reaching 170 meters, while
some others remained at moderate layers (50-100 m)
during daytime. For instance, Acartia spp. preferred to
remain at the surface layers before sunrise. At about
07:00 they moved downward while part of the
population remained within the 0-25 m layer. The rest
421
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Table 3.

Percentage of the abundance of dominant taxonomic groups in the selected length classes of July 1997 cruise.

Size
0.1 - 0.3
0.4 - 0.8
Noctiluca
Pseudocalanus
scintillans (77 %) elongatus (39 %)

classes

(mm)

0.9 - 1.2
Appendicularian

1.3 - 1.7
Appendicularian
(93 %)

1.8 - 2.3
Calanus euxinus
(80 %)

Calanus euxinus
(2 %)

Undefined Egg
(23 %)

Oithona spp.
(5 %)

Acartia spp.
(38 %)

Acartia spp.
(2 %)

Cladoceran
(17 %)

Cladoceran
(4 %)

Appendicularian
(21 %)

Other Calanoids
(2 %)

Other Calanoids
(1 %)

Calanus euxinus
(2 %)

Noctiluca
Other Calanoids
scintillans (14 %) (4 %)
Bivalve
(8 %)

Acartia spp.
(3 %)

3.1 - 3.6
Calanus euxinus
(100 %)

4<
Sagitta setosa
(67 %)

Pleurobrachia
pileus (33 %)

Calanus euxinus
(1 %)

descended further and they were observed at 25-80
meters (Fig. 5). Sagitta setosa, Noctiluca scintillans and
Appendicularia did not show a clear vertical movement,
but they were found in surface layers (< 60 m). Similar
to Calanus euxinus, Pseudocalanus elongatus showed a
clear-cut vertical migration pattern (Fig. 5). According to
the zooplankton counts, Oithona similis were found in the
same depth layers as Calanus euxinus but its vertical
movement cannot be seen clearly in the figure (Fig. 5).

July 1997
Since the sampling depths in the July 1997 survey
were chosen according to the acoustic observations of the
water column, they were not in order, because the
vertical acoustic profile of the water column differed
between the subsequent sampling times. Although the
samples were taken throughout one day to complete the
daily cycle, the vertical movement of the zooplankton
cannot be seen clearly as in the October 1996 samples. In
the July 1997 survey, Acartia spp., Appendicularia and
Noctiluca scintillans were found in the upper layers
throughout the day (Fig. 6). In contrast to the results of
the October 1996 survey, the vertical movements of
Calanus euxinus and Oithona similis cannot be seen, but
the specimens of Pseudocalanus elongatus showed
remarkable vertical movement.
The vertical distribution of biomass of the
zooplankton is shown in Fig. 7. According to the
distribution pattern, the biomass of zooplankton was
concentrated in the upper layers (< 60 m). The highest
biomass values were observed between 25 and 80 m. In
the deeper layers, (100-160 m), high biomass values
422

2.4 - 3.0
Calanus euxinus
(97 %)

were also observed. In addition, there was a decrease in
biomass values at noon in the surface layer.
Volumetric and gravimetric measurements
The results of displacement volume, settling volume
and wet weight of the samples of the October 1996
survey are shown in Fig. 8.
No clear relation was seen between the vertical
distribution of the results of displacement volume and
settling volume, and the vertical movement of the
zooplankton in the samples. Only the vertical distribution
of the wet weight results were related with the time
series of the abundance of major zooplankton
species/groups in the water column.
The results of the volumetric and gravimetric
measurements of the zooplankton samples were
statistically compared with the abundance of major
species/groups of zooplankton (Table 4). Among the
three measurements, the highest correlation with the
abundance of zooplankton was given by wet weight
(WW) values. Between the zooplankton species/groups,
Calanus euxinus gave the highest correlation with wet
weight results. Although the vertical distribution pattern
does not visually reflect an apparent relation, there is a
statistically significant correlation between settling
volume and displacement volume and the number of total
zooplankton. The highest correlations between the
abundance of zooplankton, and settling and displacement
volumes were given by Acartia spp. and Calanus euxinus,
respectively.
Moreover, the biomass values of the zooplankton
were statistically compared with the settling volume,
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Figure 5.

Time series of the percentage of abundance of major zooplankton species/ groups in the water column during a 24 hour period in October
1996.

Table 4.

Correlations between zooplankton species/groups in the samples and settling volume (SV), displacement volume (DV) and wet weight (WW).
Marked correlations are significant at p < .05000. N=69

Calanus
euxinus

Pseudocalanus Acartia
spp.

Oithona
spp.

Noctiluca
scintillans

Cladoceran

Appendicularian

Sagitta
setosa

Total
zoopl.

Biomass

elongatus

SV

0.388
p=.001

0.062
p=.612

0.492
p=.000

0.176
p=.147

0.208
p=.087

0.373
p=.002

0.204
p=.092

0.425
p=.000

0.433
p=.000

0.509
p=.000

DV

0.432
p=.000

0.025
p=.836

0.344
p=.004

0.090
p=.463

0.172
p=.158

0.340
p=.004

0.143
p=.241

0.253
p=.036

0.341
p=.004

0.534
p=.000

WW

0.743
p=.000

0.272
p=.024

0.250
p=.038

0.411
p=.000

0.223
p=.066

0.357
p=.003

0.090
p=.464

0.095
p=.439

0.473
p=.000

0.717
p=.000

displacement volume and wet weight values (Table 4).
The highest correlation was given by wet weight values (r
= 0.717; p<0.05). The biomass values were also
significantly correlated with the other two
measurements, settling volume (r = 0.509; p<0.05), and
displacement volume (r = 0.534; p<0.05).

Discussion
The size distribution and the abundance of the
zooplankton were taken into account in this study, and
the results showed that the zooplankton in the southeast
Black Sea were dominated by small species. The most
important species in the small zooplankton is Noctiluca
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the fodder copepods (G. E. Shulman, pers. comm., IBSS,
Sevastopol, Ukraine).
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Figure 7.

Vertical distribution of biomass of total zooplankton.

scintillans due to its high abundance and biomass. Kovalev
et al. (19) and Shiganova et al. (20) also observed that
the abundance of Noctiluca scintillans increased in the
Black Sea in recent years. Its importance is more striking
within the small size classes defined in Figs. 3 and 4
which are in fact the size classes on which the fish larvae
feed (21). On the other hand, the nutritional value of the
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8

Time series of the percentage of abundance of major zooplankton species/ groups in the water column during a 24 hour period in July
1997.
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There is a gap in the length frequency chart of
October 1996 (Fig. 3) between 1.2 and 2 mm. This part
of the spectrum should have been covered by the subadult Calanus euxinus. The eggs and the nauplii of this
species presented in the first large cohort was probably
the new generation produced during the period following
the presumed autumn phytoplankton bloom. The other
two cohorts between 2.0 and 3.5 mm are the remnants
of the group produced after spring phytoplankton bloom.
The season is therefore too late to see the copepodite
stages of the spring cohort and too early to find the early
stages of the autumn group. The findings presented
above are within the general expectations and in
agreement with the results of Arashkevich et al. (22).
The samples were collected using different sampling
tools in early autumn and in summer. The vertical profiles
provided in Fig. 5 are based on 70 samples collected with
a Nansen Closing Net within a 24 h cycle in the October
1996 survey. The duration of the sampling was the main

F. ERKAN, A. C. G†C†, J. ZAGORODNYAYA

= 0.5 ml/m^3

= 0.2 ml/m^3

6

8 10 12 14 16 18 20 22 24

Hours

Settling Volume

Figure 8.

DeDepth
pt h( (m)
)m

D
ept h(m)
Depth
(m
)
4

14.6

sig m
sigma
ta t

2

mat

14.6

0

sigt
sigma

sigt m
at
sigma

180

= 0.1 g/m^3

0

DDepth
ept h( (m)
)m

0

14.6

15.4

15.4

15.4

15.8

15.8

15.8

16.2

180

2

4

6

8 10 12 14 16 18 20 22 24

Hours

Displacement Volume

16.2

180

2

4

6

8

10 12 14 16 18 20 22 24

16.2

Hours

Wet weight
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obstacle preventing collection of more samples. The
duration between the subsequent hauls was not less than
15 minutes, so that it was not possible to sample more
layers within a given time range. As can be easily seen
from the vertical distribution pattern (Fig. 5), 5 layers
were not enough to understand the vertical movements
of the individuals since the sampling depth ranges were
too large to see the fine movement of zooplankton.
In the July 1997 survey, Niskin Bottles were used and
the duration between the subsequent samples was only a
few minutes (3-5 min), which enabled the collection of
more samples in a short period of time. Also it is possible
to collect samples from very narrow depth ranges to
show the vertical movement of individuals precisely. On
the other hand, because of the low sampling volume
capacity and the shape of the Niskin Bottle, some groups
of the macrozooplankton, such as chaetognaths and
gelatinous macrozooplankton, can escape and so are not
effectively sampled. However, the results of the vertical
movements of the zooplankton groups/species obtained
from Niskin bottle sampling show similarities to the
results of net sampling in the October 1996 survey,
especially for the small individuals. The vertical
distribution of Acartia spp., Oithona similis,
Appendicularian and Noctiluca scintillans individuals were
similar in both sampling periods.
Although each species has its own vertical migration
characteristics, in general, there are three major

migrating groups. The first was dominated by Calanus
euxinus. This species started to migrate downwards at
dawn. After resting in the deep layers, in search of food,
they began ascending before sunset, and they spent the
night in the upper layers. The results of vertical migration
pattern of Calanus euxinus were similar to the results of
the previous studies (13), that is during the night these
species are concentrated in the upper layer, and in the
early morning they migrate down to the deep layers, stay
there during the day and rise again to the surface in the
late afternoon and early evening.
Another important feature of C. euxinus is that a part
of the population always remained in the deepest part of
the oxygenated zone and formed the majority of the
permanent zooplankton biomass just in the suboxic zone
(Fig. 5). This group is considered as diapausing copepods
(22). Diapausing phase is commonly observed in seasonal
and ontogenetic vertical migration of copepods. Diapause
is an adaptation to avoid unfavorable conditions such as
food shortage, heat, etc., which is characterized by
suppression of growth and development (23).
The second group was formed mainly by
Pseudocalanus elongatus. Their migration pattern was
very similar to that of Calanus euxinus but they did not
reach the greater depths.
The third group was the subsurface group
represented by Acartia spp., Noctiluca scintillans and
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Appendicularia. It can be said that these species prefer
surface layers. They do not undergo deep vertical
migration. However it is expected that they should
respond to solar radiation. The sampling interval was too
wide to see vertical movements of the Noctiluca
scintillans. Therefore, by simply referring to five layers, it
was not possible to comment if this species react to the
light intensity at the surface.
Vinogradov et al. (10) stated that intensive migrations
are made by chaetognaths, Calanus and Pseudocalanus. In
their study it was also shown that at night Calanus
euxinus form a well-marked concentration maxima within
the upper 20 m layer, whilst Pseudocalanus elongatus
forms a concentration maximum within the thermocline.
According to the same study, in the day time, both species
were concentrated at lower depths. In contrast to
VÝnogradovÕs statement, in this study, we did not observe
intensive vertical migration of the chaetognath Sagitta
setosa in either of the sampling periods (July and
October). According to the vertical distribution pattern
(Fig. 5), it can be said that Sagitta setosa prefers surface
layers and does not contribute to vertical migration. This
is primarily due to the population structure of this
species. During summer and early autumn, the juveniles
of Sagitta setosa dominate the population, which is
generally distributed in the upper layers and does not
display vertical migration as the migratory adult
individuals (13).
The conventional methods, such as measuring the
settling and displacement volume and wet weight, were
also tested to show the vertical distribution of
zooplankton in the water column throughout one day.
Among these, only vertical distribution of wet weight
results showed significant correlation with the time series
of the vertical distribution plots of zooplankton
species/groups. This was largely due to the inaccuracy of
settling and displacement volume measurements. In the
measurement of the settling volume, the organisms
varied in size. Due to the shape of the volumetric flasks
large organisms did not settle completely and allowed
large volumes of settled interstitial fluid to remain
between organisms, which in turn led to inaccuracy in the
measurement. In displacement volume measurements,
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the sensitivity of the flasks was apparently not precise
enough to detect the changes in the different cells.
Therefore these very crude readings did not reflect
meaningful results. Compared with the former two
methods, statistical and visual comparisons of wet weight
measurement were more meaningful (Fig. 8). The
vertical distribution presented using wet weight of the
samples seems more realistic and in better agreement
with the zooplankton counts. But the method was slightly
biased due to removal of the preservation fluid before
weighing. This bias could be overcome and the
measurements could be further improved by dry weight
measurement.

Conclusions
The zooplankton of the southeast Black Sea was
dominated by the small organisms, such as Noctiluca
scintillans, Oithona similis, young stages of Pseudocalanus
elongatus, etc.
In the vertical distribution, three different groups
were recognized during summer. Each group was
composed of different species of different ecological
origin. The first group, represented by Acartia spp.,
Noctiluca scintillans, Cladocera spp. and Appendicularian,
preferred the surface layers throughout the day. The
species in the second group, such as Pseudocalanus
elongatus, dispersed in the upper layers at night and
migrated to deeper layers in day time, but not as deep as
Calanus euxinus and Oithona similis, which belong to the
third group in vertical distribution. Calanus euxinus and
Pseudocalanus elongatus also showed a clear-cut vertical
migration pattern. Chaetognaths did not show vertical
migration since the population was mostly composed of
juvenile individuals which do not display vertical migration
as the adults.
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